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ABSTRACT
‘1’his papr slmvs lllill lllC pO\\’Cl Sys[Cll I I,:li(ttlll  III( I

(balklics$ Sol:ll  :11 lily, p(~WCl ltglll~tol )  111-lh~l I Ill.

‘1’ol’liX/I’tJsci(lotl”  salcllit(  1121S I))C( 0 1  CX(CCLII.(1 ])1 t Iil  Ilt II
ptcdic[iotts,  itltcl Ilas Sacc(:sslally  tnanagcd tl)c IICII[)IJIJ ,IIL ,’
Ni[’d bal(clics  ul]ich ha,l s h o w n  anomaloas III I’ili IIIP,C (I,
OIIKI ll~issi[ms sach a~ I. IA}{S a n d  [iR(), ‘1’11( 11,1’  l(i\

pcr[[mmncc is ;dd Icsscd Il)loagh  the lolkwill~, Il{IILItll(it\: f) i
ol-(liscllalg,c Vol[; lgC,  pCilL Cll:llg,C  CNIICI)(,  C h i l l  L,I.  10 (il~~’1 Ilj L’

ralio,  ami vol(a~c (Iii’lclclllial. ‘1’hc solar aIIa I ]),11, ) ,,, ,1, ,

discassi(m illcludvs  w)l(apc, cartcnl  and pmvci.  ‘1 IICI L I. :]’ >{) ,1
(Iiscllssi(m (d’ lhc power Icgalalor  cllicicnry aIId  II IL. s;Ili  III(c II. II
power  IIistoty.

INTRODUCTION
‘1’C)l’liXfl’~)sci(lol]  (’I’[)1’I(X),  joia[ly conduc[cd hk NASA ,11~

(IIC IJICIIL’11  (’cIIt Ic  Naliwlal d’I~Iadcs Spa(i;  ill.\ ((’N I ~, I,  v, I.
lauacbc(i sacccssl’ally  011 AUFW  1 ( ) ,  19°2. ‘ 1  h{ ;.’/ \{ I
sacccsslal  ol)cta[ioll” 10 d;I(r of t h e  ‘1’01’liX  sal(. llllc ,111,1  1) I\l,L  I

sabsys(c  ii] I)as ctlal}lcd  llw  scicacc colmnanity  [<) TII.  ILL  [II ~1, I(I I.

gail)s it) lllCil~Ul  illf and ~l[l(lcls(:]ll(iit]r,  r,lobal [K{ at) 1,1(, !,l); ,(VI ,
sllcll  as Cilcalil(i[)ll,  li(ks, an(l (heir Cllcc(s 011 CIIIII;  II1 ‘1 (}1’1 \

is powc114 b y  (111’ M(dal:(r l’owcr ,Suhsys Icai (kfl’.$t c<)l{t;t lit::,,
3 NASA Sl~ll](lilt(l  50 Al]  capacity Nickel (’ii ltI]ILi Ii I (PI(  1)

ba(lctics  manal’aclarcd  by hlcl)ol)l)cll l)otl~lit~  aII,l a (Iii it)! ill [,
sun (Iackillg,  ri~i(l, s i a p l ( .  - w i a p , ,  lcc(ill)Fulal sill,. ol)  \LI!; I, ,1,1 I)

with (wctall  dimcnsitms  01’ approximalc]y  26 by I I lctl

I)al(ctirs 01 idctllical dcsij:a  and silllilill tll:Illlll,IcIIIIIi;, 1) ,!(,:>
(m Ix)al<l (JIIICI N A S A  sill~llilcs cxpcticnccd 11, II IIIY UIIIII <III. .

early ill Iii’c. ‘I’l Icsc salclli(cs  iacladc  the lix[li III( 1 Ill, (i. I( I I
lixpkncv  (ll(Jv If,), {hc ll]~pcr  AtmtMplKw  l<c~L.11(11  $>~i 1111{

((l Al< S), aad (I,c (iam]l)a  Ray Obscrvatmy  ({ il<( )) ‘111 IL
s:llclli(cs  cxllibi(c([ I;llgc divcmgcncc  01 [Ilc 11:111 11,1 Il$,l\  \I 1[, I, IL.

willlia [Iic i’]tsl 4 7 llIotI(i I\ alkr laaach. ‘1’his dc(crioratiap,
c(,ll(li[iorl  I]olliullly U[)llld  IK’ cxhibikd Ilca[ lIIC btlt(Cly CllCi-Of-
lil’~, wl!i[ll wHs (lc\iF,tlccl 10 I)c (m k otdu d 3-5 ycat-s ia a 1 mv
Ii,il Ll, ( )Ibi[  tcpillic, III [,tdct to avoid similar bat(c.ry problems
o]] ‘1’01’liX,  all lllvcs~iy,t(lut) ‘1’caTI~ and the llatkry ManagcmcnL
‘1’calll wctc i’(~1 Illcd pi iol t o  Iaanch k)  miikc  opcratioaal
rc~ol!~tli~.tl(l:[(i(~lli iol [Ilc ‘1’ol’lix hattcrics, “1’hc
lt~()]l)lll~[)(lil[i()tls itlcl[l(lcd  asiag Dovcl ba(tcty  managcmcat
(c{ Ilrliqacs to I[lait][aill  (tic llil[tCly hcal(ll  [hl{~u~hout the Iwillmty
mi,sloll. ‘1’llcsc (cclllilqucf h a v e  bcca rcfcrtcd  to FI$ ‘1’1,~ o r
‘1’L’lldCl I Inillg-( ‘ill G, ‘ 1  IIC ‘H .(’ Icchniqacs  iacludcd:  limi[ lhc
b,il(ctj pmk  Ctl<lljK’ [ II IICII[  to l e s s  tbaa  2 0  A ,  control  [bC

IL(lI:IIy L ]alio tt~ 1 ,05.1 03, ald asc (IIC I(w c.arrcnl sensor f’m
ttcli,ili,( r,lt[() c,llculati[a]i WI)CD charp,c currcnl  is ICSS than 3 A.
“1 Ilt.\c .IIUCCSSIIII  t)pcl<i[ional  tccl)aiqucs for  (I]c ‘1’01’IiX  batlclics
llIvc b.,.[1 cwllt(flucd (Itffiap  the cx[cadcd  mission in anticipalioa
0[ I);l(ltty Iil’c v,c II IJCY(NI(l (IIC pt imary  mission.

“1 lIc T[)I’liX sa(rllilc Il<ii ill) oti)il wi(b  a period 01 I 12,S
Illllllf((s an(l Cclll)sc (Illlillioll  valyiag  Ilotl)  O to 35 mina(cs, ‘Ilc
(WLLII(;IIION pet I[)d\  al(ct  11,1[1 bc(~vccm  apploximatcly  42 days and
84 cla>s wi(ll l)~ti(di oi fa l l  sat] of about 10 to 2 0  d a y s  ia
Iwlwc{f].  ‘J’his lx.lldliiu J1.l)Cill  S lllroag,l)oal”  Illc  daratioa  ol (IIC
Illlssi(]]}

‘ 1  l],. I,rialal} sOIIIUC  (II  l)(I\\ct  lo! ‘1’01’liX  is a rigid siaglc-wing
Solill :I! Iii}J. ‘1’IIC st~lal ,11! ay pl~widcs power IO the sakllitc loads
al)(l cll;ilp,cs I)illlclicf  \vl]ilc ill orbil d a y t i m e . I’hc ar[ ay [racks

III( SLIII  a n d  i s  (II lsct fI(UII II(M III;II  to the sat)  liac by  (cammtly)
S(),5” [{l rcdau IIlc rlLiIIy,r caI  lctlt oa llIc b a t t e r i e s .  ‘1’hc solar

at l<ly  (Ct]]l)clalalc \,ill Ics  bCIWCCll  -80’”  to +400~ aad thC

(iii ICt(ll(i:ll (CII(lICI<IIIIIC  I)c[w,cct)  tl~c J’rotl( an(i back 01 tbc army
\iiliL>S  11011) O [() 1(1’(’.



‘1’hc ](la(l  Icquilctncnls  ( m  [lw ‘1’[)1’l;X  power SY.[,111  I, II I:Ii II , I I

7 0 0  10 1050 w, ‘1’hc villia[iol) is C’all  SC[l by  II L(I[{I 1 \. :111 ;!,1.1

sw,i(chil~y, tw[wcc[~ (IIC NASA al[imc(c[  an(l  tl~c ( ‘h’l ;S ,tltitl  ,], I

IIal(cly cllargi]lp  ( m ‘1’01’ILX i s  cart  iccl oal tty  III( S1<I IKI,  Iti

I’owcr Rcp,al:ll(>t LllJit (SI’R[J)  asiag 2  dillcjcill ],, Li. [,. ,1,
p~)wcr tlilckill~, llaxic :111(1 Voll;lgc limit III{)(IC I),il. }’ )V i’1
tlackil]g  i s  ulili7cd a[ tlIr I>cgitlail]g  olcaclI s:II[ 111[~ (11111( 1111111

t h e  Sclwlc(l  cllalpc  voll:l}:c/lcJ)l[ )clill(llc (Vm) I( YLI  1, 1, (1 11[ ,1

Al [I)is p(~ia[, [IIC S1’1<(1 CIIICIS volla!,c  Ii]nit IIIIJ,JI  , i}t. i) LI 01 II

as lapel dlalgc 1110(IC, ‘1’hc Vrl’  C(mllollcl  i l l  [Ill. S1’}:1 I s II .

l[IC  ha([ctj \J(l]([l~,L.  :III(! Iililils  lIIC  \J()]lagc [() (IIC I,I,s(I  III 1)1

dcl”lllc(l hy tllc Vfl’ IL’VCI. ‘1’hc Vrl’  Icvcls  a r c  US C!,] Cll(! ‘\( 1) I l l

conllollill ~,” t)ill(Cly f(’1’l)ill~,C, ‘1’ol’lix  Opclm’s  uilll~’  \’/l I  :( 1.

2 , 3  & 4 I’[ot)l (IIC N A S A  SItIt](laId h{i-[’d bill((]}  II I; II II I,II  \J’ll

Ic\’cl  2 is u s e d  dating pcti(]ds  01 fall saII, \J’~1’  l,\JLl { 1, 1( ,1
wllcll [Itc cat (11 (Jccal[a(ioa pcritlds  a rc .  < 28 lliilj]l(~..  ,IINi V I
Icvc] 4 is used dalinp till (l] occal[aliou  pet’iods I,  LIWL(II  :’}  :11,1

35 n)itla[rs, ‘1’llc t~a[[cly lrllIIJcttllalc l,alics  hclwtcII  !) } (  ,11 ,1
is c(mlrollcd  usins  lIca! pillcs  aad Imalcrs.

BATTERY GROUND TESTS
lknll I]IOII(IIS priol t,) I;lullcll, a n]issi(m simalalio]] /II{ILIIIL1 1.1 I,il ;,

‘1’01’IIX  CCIIS f’1’olll (IIC tligl~l lot Was  illili;)tC(l  as Slilll(l,ll(l L)I. 1,,1 ,)i I ,1
pI(wcda IL.  ill sapp(II  ( (illipl][  pIojccls, ‘1’hc (Jlljcclivc (II” (lti~  Iil \\ ,

10 plc(lic( ]Ilissi(m  IICI J’OImaIIcc a n d  1 0  pr(widc qawl(illllv[ (111 I I d

ill tllc ]]]:l1121p.L.]  )lL’]li  of tllc SIML’~L’lai’[  ha((cli(>S,  lk>L’ all\:.  [/1, 1111 ,1(1

sin]ala(ioll lcs(  WJil\ il)ilia[cd priot  (() (I1C,  Iaua(li, {ilk’  (), }11, )( j I I

Cll:lllgcs fi)r (IIC ‘1’c[dcr-]  llvill~,-(’atc cavil (mtlwt II \,,cI L I I(M > :

illlplClllCll[Ld  illl(l  11(4 inroqx)la{cd  111 lIIC  lCS(, I l l  il(lLllll(,ll  ;!ll(  1111, I

gloand (Cs( W’ils  S(ill [cd 2 l) K)I)lI)S  alicl launch to :IML’..  II 1( L I I,, . (,1

d]algiag al il l(WCl lCl]]l)Cl”al(llc,  ‘1’hc C’CII  Icl)lpcl,l[al(  \v, I~. 1 0  (  [(I

IIlc missio[] Sil)]alilli (Ml ICs[ :111(1 ()” C’ J’(M llm lCmJrt<Ila IL L.11{.,  I 1..1

Ill JX)lll  ICSIS,  a pdC’k (d’ 5 lli~l]l CCIIS  WIS CI1al@ ill 25 i!lll]l,’1( , 1 J
V~l’ Icvcl 5. ‘1’hc discluag,c  I dc w a s  1() ampcIcs 10a 111,111 I I  III  ?’

dcp(h  (d’ dIsrlaagc ( 1 ) . ( ) . 1 ) . ) .  ‘1’hc orhil dald[ioll W,IS  1 1 2  III II I!( .

with a (lisclaltpL’ (Ial,lli(m  ranging i’r(m) 23.5 mina[c.s [{~ 1$. f 111111 II. .

nmximum. ‘1’hc (Iisclaagc (Ia]ali(m sit!l(lt,l( Ill

‘1’01 )1 ;X/1’OSl HI )ON satcl]i k cclipsc dat a(ioa,

SOLAR ARRAY PERFORMANCE
‘I”llc  S(llal illliiy  lI(lwJri  is a  Ianctimi ()!lIIC sol:!,  irll(t)\ll\ IIli

[hc Solal a l l a y  011’SC[ all~k’, ‘1’llc  s o l a r  in(casity IIILI(tI\:.  II  III

apl  IcIIO II (.laty 1) ((~ pc[illcli (u]  (Jallaitty  .3) aIId  the II (1{,.ti., ,.. .

h;lckto:l~~l)cli(lt],  llylll()lli  l()lil]~tllC S(ll:lr <lllily  (l(~) l,l:llll(~ll ]1<

solar  ill(ctlsily c y c l e s ,  lllc aIIay w,as p(~si(iol]cd ({I lIj;IIIIl, II III
p e a k  chat~c UUIICIII  v,ill]ij)  (IIC lc.col)lIIlcfIdcd  ollc],l(it,l]ll  1<1 ,iIt

( 1 5 - 2 0 A ) ,  ‘1’hcf(IlhNviIIF  (ahlc lists soliu aIIiIj {)11.LI I 1
clmngcs  sillcc lau  IIclI.

[:5’is:EF:l
Table 1, SOLAR ARRAY OFFSET ANGLE C: HA.NG[ $.

“IIIC  S01:11 ;Illily \\’il$ Illailllilillcd  [it an 011’SC( :Illpl< ()] f) !,’ l(l)

:Illlltoxilll;ll(’ly  (uIc ycat  s i n c e  laa  Ilch, ‘1’llCSOljll illlil~  1,,’. (1’11

s\\ilcl](,(l 1[1 54 ol’lsc[ .t((d \\, il\ ]n;~ill(aillcd  at (hat posili~)n a n t i ]
Nt)\ctI)l)ct  1995 (:ll)j)l~)\il]j:l(rly Iwo years). 11 was p(xsihtc  k]
]Ii:lilll+l]tj  lIIC S(llill :Ill<ly (Illsc[  :1( 54( ’  101 a lollgCl  pcti(d (ftimc

(11<111 :1( S / . 5 ( ’  (iac  1{) llIc h)\vcI  solaT a r r a y  dcp,rdali(m  at’kr lhc

SC,{) ])(I ycal. S01:11 illl<ly  dcgt<t(la(ion i s  C a u s e d  plinla[ily  by

r<ldlu[l(t]], will] lus\r I C1l’cm flola ultril-violcl  light,

]l]lc!()]]]L.t[.(~l(li[l  (liIIII;I/, c aII(l  llIL~ItI~al  cyclitlg, ‘1’ahlc 2  lists (hc
dc~l<ltl<jlioa Ia(c of” 111(. M)lal  :a(ay conl]mrcd to (IIC plc-launch

I,lc(liclioil,

Taklle 2. ANNUA1.lZfID SOLAR ARRAY DEGRADATION

‘J’llc’ (icg,l<lda[i(~ll  dal ill: (Ilc  flls( y e a r  w a s  s l i g h t l y  hig}lcr t h a a

P LltlL’[Ll], Sii[c~ tlliil  ti]llc, (IIC dcgtada(ioll r:ltc lIas hccn

siyllil’1(  ill]lls  Icss,  ‘I’l  Ic  d~~,la(l:l[iot)  wa\  Compalcd by  (akillg a  3

nlil]ulc a\Jcl a::c (){ lIIL S[ll;lt al I ay  power daring pcak  pov.,cr

[ld(killi~, ‘1’llis fIa IIIhCI  I\  llIcl I ]I(mmlizcd  I(N a  0 0  may ollsct

illl~l(’ :111(1 lo] lllr  ]c.1’lc,’[ioll  alI(l dcfractiotl  caused by the cover
glcIs<, ‘1 IIC datiI 1~ (IrII(lcd  O( a mmstanl s(llaI  arfay tcmpcrislarc

of .55(’ :1( a t]ctii  III il]~c  aIIgIIC  of” O O. A  p,taph [If tlICSC  points i s
c>.llillil,<l  ill lIpa Ic 1 ‘1’IIc \oliit  :IIIay  dcgrada [ion ra te  has  bCCI\

d[(lll)ill:,,  sillcc 1;11111(’]1 ‘llIc lo\\cr-lllat]llrc(lic[ccl  solar anay
d(-plcl(lvtlol) IIl:ly t)l’ [1(1( 1 0 ; (~l~cra[irlp  wi(h a n  of ’1’scl  a n g l e

In[llilrll{c(l  (I)c fIOII[al dlr<l (Ii  lhc allay kl ra(lizlti(w CI!’CNS,  t h e

S(l I,II  CJLIC  IIa\  I)LCII  CII  IIIt s[Ila  I lllil]itl]al]~, aad [IIC lr(~l)(-to-h:ick

dill(l Cllllill ICI II])  L. I; I1(IIC  (11 IIIC allay i s  l[)WCI  (hall p[C-l;lUll Cll

la<.{liu(itlns.  ‘1’l}c l(J\\cl [Icpla(liilil)l] talc, II it contiaacs, w i l l

CO III I Ihlllc se\, cIdl ycd  Is 10 [IIC l~rcdic [cd lif’c 01 lhc sulat-  ar(ay.

54[)[)

R?‘>z::
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F’lgure 1. NORMALIZED SOLAR ARRAY POWER

BAI “IEHY PERFORMANCE

.Peak Cl~arge  Current
‘ 1  IIC p(dk LI121FL.  CaIItIIl  i~ (lIc {Ialxilnutn clImgc curlcn[ t h e

l){l[lCfiL>\  (’~[)([ic}l(’L’  (I(lt ill}, CaC’tl  (Ilhit, ‘1’his  carrcnl vat- i t s  as a

1(111 [’[1(1]1 01 lllc ll(l\,,’cl  011(1)[1[ 01 (I1C s(~lal  s t r a y  a n d  llSLlillly occars

ill (IIC tl..~,il]nil]p (>( Il}c (lll~i( \vlK-11 lIIC  s(>lar  attdy oalpa(  i s

Iligll,st.  (JndcI (IIC ‘1’1 (’ sIItIIc~Iy, lhc rcc(mlmcn(lcd  ratlgc l(Ir



(IIC pcilk clIatgc CUIICII[  i s  <20 anlps. la ad(li[io]l  (III ;I\I,  :,,

pc~lk  CI)ill’gl> CUI ICI)(  SIIOUI II bc m:ii])(aincd ;II)(IYL:  15 ,111 ]1!, IIJ

acl}icvc (lIc dcsilcd chmpc ((I dischar:,c ra(io, A, tlI1.  \Ill< II , 1 1  I,:\,

(Icgladcs,  [Ill’ Solal [IIIay  OIISC1  i s  pcii(xl] (’d Ily tdtl~l ,1 II I
t]]ainlain  (IK {qrl a(ioaal tccomnmdccl  ]angc
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,,, ,,, ,, ,,,
,,, ,, ,,, ,,
,, $!,  ,, .,. ,,,

,,, ,,, ,, ,,,

,,, ,, ,,, ,,

,,, ,,, ., ,, .,,

,,, ,, !,, ,,

,, !!, ,,, ,,

.-+-+  ---t-+-  t-- +-+-+-+-+  --+  -}-  +

1 2 3 4 5 6 7 8 9 1 0 1 1  121314

1 -
15 1(C

0

Occultation #

Figure 2. AVG. BATTERY PEAK CHARGE,  Cll[;lll hll

l;igalc 2 ckhibits  (Iw a\,rlap,c peak CIMIF,C. calit III (liltl,~,  ,, It
(uullalion pet  i[)d siwc launcl I, ‘1’IIC ~VCIil~(’  [Jill (’l Il; i’

currcn( w a s  mailltainc(l  I)cl(nv (IIC ‘1’I.C’  1([.ollill](i,,it,,i ;’()

ampclcs ald ab(J\’c 15 alnpc[cs daritlg  a l l  (It III. (1.,111(  [I( II

pet  iods,

En_d-Of-Discharge Voltage
‘1’hc cn&(~l-nigll!  bi~t(cl~ voltage  (I Y3NV)  (M CIILI  (1 I (lI\L  II  Ii,

voltage (I X31)V) is (hc lowcs( vol[agc lhc bal[cl y ti.,1.t],. dtI 111:
[be  cad  o f  [lm ccli[wc  potlioll”  olcach orbit. ‘I’l  Ii\ llc~I(:III,  II II; \

bC USd :1< ill) clllcicncy ii\C(()[  01 wciil-OLl[ ill[lt[,ltl~: 1“11

intcmal  itnpdal)cc ol lhc ba(krics  var ies  ilS a i’al\Lli{ul  (1 I s *((

(Jcharpc. A s  ttlC S(; llC-d’-dl:ll& dCCIC~$C\, It,, III!( II. I

illlpC(lilll  C(> lllcl C:l\c’S. ‘I’IIu Y, t h e  h i g h e r  lhc 1)01) IIIC lIIjl  ItI III
internal inlpcclancc and i)cncc tbc knvct II)C 1 ON\ , ~1 11,
ba(ktics.  III a(l(liti(m,  as [IIC bo[(c]ics  age, it is c~lIr.mLl  [[III  (II
clficicncy (J1 lbc bdl(ct i c s  (Iccrmscs aad (IIC illtcillal II II; IC$l, It I

ll)CIL’dSCS. ‘1’his IL’SUIIS  i[i lmvcI lK)NV wi(l]  ayt, j ‘1 111.,

the varioas  sa(cllik insltanlcnls.

Figalc  3 cxl~ihi{s ll~c mitli]l~um  bi]ttl.ty cI)d-ol-IJIFII[  \tIl(I:, i I

lhc n)axil[lam  1  ).().1). ( I I ’  e a c h  occalla[i(m  I)CI ill l{ II .tI.
spaccclal’1 b;tltc]ics  al]d Collllwrcs thfll  (() (Ilc c(jaii:;l,.)[1  I ,1(,1 ,
\’oltil~C  (SC’ill  C(l 1111 to a 22-(’CII C(]llllgalali(lll) 101 III( Ci>ll\ iyt Ih, i
(NI (IIC gIou IId. ‘1’hc cacl-ol-l)igl]t  v o l t a g e  WM tlN III S( I<ItI l,,
pillill)lC(l>l  [() cxl]ibit a dcp,ltl(lali(]n ‘1’() d a l e  1 1 1 (  (1)(1 (1! II! ,11

voll;I~L” IIils  (lc~[/I(lc(l (’1(> 111 2 7 , 5  V(JIIS  I(I  20.4[1 ~[)1[~ ‘1 1)
dcgrada(iwl  late {\( the c.ri+d’-l)igb[  vt~ltagc inrlcd\rJ tlIII  III: !II(

CICVCIIIII  aII(l IWCIIIII occul(aliol)” pcri(ds,  Alonp  \\, i[ll (Ill. I ( )’J\
dcgladaii(m,  IIW hat(cty  cxllilli(cd a spread in Ilic \(~lLI:L ,!( l){
c}d-ol-nip,lll \vbicll  C;lusc(l :1 v(~llagc dillClc.lllii,  l d]ji Ir~ IL,

(dcsctibc{l ill lhc Vollapc  l)illcrclltial scc[ioa ( I f  (III.  1,],11{) II
i s  iakrcs(il)g (() IN)(C lhal  lhc I1ONV dc~tad;l[i(ltl  t,II~ ~)’ IIIL
Iligh( ba(lclics  Il:l! tlCCll  SI(IWC1  [Ililll lhC  liONV (il’flil’l 11111 {1

t h e  ‘1’01’liX !nissiwl sinlula{i(m ground tcsl ccll~, ‘ll II\ i

illd]c,l(lvc  tl)a[ (IIC ‘1’I (’ s{latcg,ics ap~)licd to tbc flight btit~clics
al C itl(i L’cd ]OV!l’I  i!l&r (tic, (N)L’rdlt  (’cll (kg(a(l?](ioll,  tkrc~of ’c, (tIcy
:IIt, L,sictl[ial  ill (ol)tlit)(llir]y to llIc ]nissioll cxlcns ion,
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f’igure 3. BATIEFIY EON VOLTAGE AT MAX. ECLIPSE

Charge 10 Discharge Ratio
‘1’IIL,  (’llal~C [(1 (ll$L’]l;ll~C  Id(l(l ((’/])) IIK)l)ik)l S C[lcI’~,y bdalKC

dlILl  ()\ C’l L’lliil~,C  :11](1 is II p[~(d  ildica[(]] of load s h a r i n g . ‘1’hc
pi~l ,iII)rIcI is ct))])l)utc(l (.\cry (Jtbit  ( m - b o a r d  t h e  sa(clli[c  b y
d]liditl~’ tllc IICI CIIOI*IL. (atnI1/nlin,) b y  t h e  nc( discharxc
(all,p/ltlitl,), ‘1’IIc IrcolIIIIIctI(ic(l (Ilmati(mat C’/l) ra[io i s  105i3$’k

al 5 [’ ( ’ .

I ‘I~IIIL  4 cs.bil)i{s the awl  d~L. (’/)  ) pcr~o] matm for each cccultalim
I’ct,i(jlt ftu lhc s,l(c]iilc ;!mi (lie gl(mn(i CCIIS. ‘1’hc ~1/1) inuc.ascd
d(llill~, IIIL, iil S[ Cl:tl( (h’L’l]l[d~i(l[l  llCiiCdS d Stow]y dcdid d~]rill~

tlk: lil$[ IIinc (klwllali(~tl lK’l  I(kl\. ‘1’l]is bcbavior is typical lbr Nickcl-
(’il(lllii~ll[,  ht[{(cii(,s  vdlilc (ycl!])p iJI 10W I!df(l) Orbit regimes. ‘l’his
(Yfh t)l lk’lltl\’i(]t  i \  nKh[ly dac 1[) (Im posi[ivc clcclrcdc cxpansim
[Iuil l:, lI)J illil ial lxll[it~t~ [)1 (Ilc t)illlCIy l i fe . ,  wllicl)  in]povcs  CCII
cfl’l~icll,y, A\ l!IC  CYL  Ic Iilc it]rlcascs, (1IC posilivc clcdrcdc
cxl),lll\it~ll IL$X’h(,\  :1 Ill:lkil[l(llll a n d  (hc  CCII  C. fticic.llcy b e g i n s  to

dC,.’l<’ll  S4.’, [hll S (h(. dL’C]llll’  ill ]LX’ha[~C! f[a(’(iol). ‘1’his  t~)c d’ bdlavior

lVtl\ ill S(l (ll)SC[\,C(l  011 (11~ /!lo Llll(l lCS(\, “Ihc rdc d CM) Ia(io inct  msc

\viIs IIIa(  II f;l<(c[ k]! UK cf.ll\  (cstcd ~m tlic gi(m]d ‘Ibis implies that
ti)c ‘1  CII.IJ.[-1 ~wit]~-(’atc (t,l){ll(i(uls applid to ttlc iligllt bat(crics
II:IVL. Sa,(twl’(llly LICCl C<IWd  111< ta[c  of tlort)ml (Icgla(la[io[l.
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Figure 4. AVG. CHARGE TO DISCHARGE flAl I(I

Voltage .Diff.erential
‘1’hc vtllla~,e (Iilktcnlial l)atal)m[cr  has his(w ic;llly  b:,, II( ‘i ,1

({) CV;IILIII(C  t)il((Cly S[il(L’  o f  ]1[’ill(ll,  “I”[l C \f(1](21Fc (1111 (’1(.1)1! 11 I [ !

dillclcmrc of” [hc l\\w  ha l f -ha[ lmy voltap,cs. ll{\lt~titc’l>, II r.
]Jatalnclcr  wt~~lld Icmaifj  Iltldcr  1 0 0 ”  ]]lV  ull(il (IIL {II(I :11 II’. fI!
(Ilc ba[lcly,

‘1’IIC 1111(’C hal(clics  to (Ia(c Ilavc cxl]ihikd \’ollilj)C  (Ii[l,i(i II, I

lo\vcr (hall 50 mV,  hmvc\cv,  ccr[ain  (Icnds Imvc IWCII [,[,.. ,(<1
‘ l ’ w ’ ( )  llcll[ls obsuvc(l  10 da(c a l e : “ p e a k  I![)\! (’l Y(l’1  ,1:  1

(lill’Cl”Clll iill spikes” an(l “cld-o(-nig, ht dillrr(.1111,11 Ill 1 <1: I

divclgcllcc  s”. I;igulc 5 cxllihi(s (I1c p e a k  I![n\t! I,(J 11: I
dillcrcl)(ia] s p i k e  Iwlmviol  f(M hn[(cty  //1 dulin~l (IIH.  (II, [ II ICI

occi)ltaii(m pci iods, ‘1’I)C ]X’;lk J)[)R)Cl’ Voltil~C dil ll..ICIIIIC  SI IL

wclc  notlllolly ohscrvcd dutill~ (hc filsl a n d  I(IS( lL’\\ L1. I\ \ t, iii
occultation  rc.~),iot] tII)d occu I[rd during [IIC peak }I(I\I,(  I (ttI< I 111 :

p(w[ion 01” lilt otl)i[, l)utillp, (I)csc por[iolts  ll]c C(IIII..  tIIl( I:(I

w a s  s m a l l ,  [Ilcrcf’i)tc, (I)c ha[(cry Sl:IIC>-<)f-(’lI:tI},,  (S( h‘) III I
discllatgc  Icl]laincd  h i g h  (tlboVC 9501,). WIICI] (IIC I,:l([(lll! ii . II

a  h i g h  S()(”  a n d  alc [Ilcli  chatgd will) a  l~lyl) CIIII(  1,
Icmporary  itnhalaljcc  (d’ Ihr cells is crc.  alcd uniil llIc \’// IL i. ! I
rLYICl)C  (l. ]( dppCill  S (1121( [[l  CSC pcat(  powc] Voll,l  !,, (Llllllc  ,(1 1

s p i k e s  al c 110( a C’i\(l SC 01 a dcgi adati(m p r o c e s s . l’C{l  I ]1(,,, )

voll:lg,c dil’I’CIL.ll  (iill s p i k e s  I)tlvc bccl)  ohscrvc(l i IL,]II(III  i L \ il II

hal[crics 01) #,lollll(l lCSl\  :11)(1 011 OIIIC[  SIICICL’,  III( .IIII  I  ill L

cot)sidcicd  I)ort]]:ll.  I lcalll Iy batlcrics  such as [lit. (111(. I lI)I\ ,,8,

thC  [’otnplo])  (ial]II]N\  I<ay Ohsc[ Vat(Hy (~i~()) :11(I I .diti~ I I
also cxhihitcd  w)l[a~~,c dil’lcrmll ial s p i k e s  (iufilj),  [1(’,1~ II( I.I.t I
t[aching,  ‘1’IIc n)ay[)i[uclc 01 II)CSC sp ikes  can hc C(lIIII(II  ICI 1,! III

p e a k  powrl (liiCkil)p  cll;)lgc  umcnl. ‘1’hc ‘I’OI’l X llilll(ll(~  1 l \

c~hihi(cd  Icla{ivciy st])all llcak po~)c.!  \Jol(t]~c  dift(’f Lll[ltll  ~11 k{ .

hCCaUSC  IIIC pCdk poW’Cl  Cl)illf,C cur[cn(s h:l\’C t)ccll !((1[( t.i I II
rcdurliw) of” IIlc l)Cilk  po\Vcl  Cllalgc curlcn(  h a \  IILL>I] 1,,111 (,I [Ii
‘1’1,(’ slrdlcg,ics itl]plc]ncn(cd  (m (hc ‘1’01’l;X  I,!:lctj( ~ s II(

Iaullcll.  ‘1’lw cl);itpc cullclll duling, pcati powcl  11, IL LII)+, II. I (II

c(mtr~~llcd h) hclo\}, 20 A ,  I)cncc minim iyinp (IN. IM,I~ lK m
Voll;lgc  dill’CIL>llliill spikes,

. .. —7. . . .. —-.. —____

[

f ‘%PEAKPOWER
ii SPIKE

‘-1

. ..- !1..-. . . . . . .

Figure 5. PE<AK POWER VOLTAGE
DIF”FE F{EN1 IAL SPIKE (+s!lrnv)

I;lpulc  6  cxllih](,  [IIC cl]kf-night voltaxc  dillilcnlial
(I,lcig( ucc  t)cli:l\,  io] I(I[  lI:Il(c[y # 2  dutin~  OIIC tl]c Ia[cs[
(),.( (ill, !li()l) prl I()(l\, ‘1 his (Iivci g,rncc  is (Ii 11’crcn(  lIom (hc p e a k

l),)\YL.1 \l)ikcs kLiIUfC  II outuls tit the cnd 0[ hal(cry  d i s c h a r g e
tJl]ilu llIc cclilv.  c duldli[)lls  aIc kmg ins(cad of during  (I)c
h,-~,irllllllg,  01” I)al[cl y ClILIlpC  \vllilc (l\c c.clipsc.  durat ions  arc  shoI-(,

1( i s  ct)l)si(iclc(l (() t){ a  (Icg[a(lati(m  ptuccss. A s  Ihc CCIIS
dt’:!lcld,  Ihcy dc\’cl[y uIIuwd  ac(ivc matct ial which operates  at a

l(li\L’1  Il(,lctl[i:fl ‘[’IIc  I,IIr 01 tl)is dcgta(la[i(m  prwcss  cam Io( bc
c(IIIIIolltd cquall)’  1’(N IIIC ?? individual CCIIS within a ba[(cry,
lll(’IL’1(ll (’, I1lC \  (l~[?l~C (11! lCIC[l(ia] lllCf Ca\Cs  dUliI)~[ thC  C])(l-[)j:

ni:l)l. ‘I”llis [ylw (II l,~llo}io] was a l s o  cxhihitcd  b y  (I)c CCIIS
cjclrd [II tlic (c\( I:\h SIX. IIK)U(IIS plim ((1 (hc obscrvati[m  maclc
011 Il]c flifll( b.l([cfics. ‘I’l Ic \’ol[agc  dif’l’ci-cnlial divctgclicc  i s
alw) .l\\(jciatcd  \villl a dI{)II ill IIIC cml-o  l-night vol(agc,
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F iguic 6. END OF NIGHT VOLTAGE
DIFFEFIE NTIAL “DIVERGENCE”

‘II(C \ol[:ipc (I II IcIc I)(I:II 10[ bzil[c[y #/l lIas hcct) Iil[]i(cd

lIcl\v(cII .+22 JIIV tlIItJUFIItNIl lhc nlission  10 dale, Bat(cry #l had
mjl lll)lt)itr(l  any  Si.pl]illr,ltll  chal)p,cs  in vol[agc  (Iillcrcntial until

(KTklll;  lll(ll]  {/[), 1 )LI[ i]]:,  Il)is pcI  id ba[(c[ y #/l exhibited peak
lKl\v(.i \  t,]ta~,c dil’lclc[i(l<tl  sl)ikcs. ‘1’hc mngnitdc d the. peak

lI(I}v(.I ,sllikcs ML.IL  :I\ Ilipll :I\ - lonlV slid d i s a p p e a r e d  a s  (I]C
CL’ II IISC \(’il\ol)  i]]utu:l<~~l :Il)[)vc 10 minu(cs, “1’hcsc spikes
apl,ttr,l.i II]rt)upll{ml  (J(trll[il[ion  Ill 4 atd IIad  a  nulglli[uclc 0 1 -

?2!11\’, 16HIV1 -2?tII\’ ,IIId - 16111V f’ol occul[a(ioo  periods +/11,
+/ 12, II 1 \ WKI +114 ],.spuc[i}cly,  lla[[cty #/l also cxhibi(c(i  ctKl-of-



,.
“,

nip, bf w)llagc  dil’1’ctcnti;ll  divctgcaccs  darillp  (ILL[I1141111111  if  I  .’

‘1’bc divctgcncc w a s 16 II)V ia mog,niladc atI(l 111<1( ,I(LI 1, . ’ >

alV  datiap  [I)c I)cx( lw~) t)~calla(ioa  periods,

IIallcly # / 2  Iltls cxllil)ilcd lllc hi~,l]cs[ ca(l-(,1’-lli~,lll \,ll; ,,,.
( I i i ’ f ’c lm) t ia l  divct~r]lcc alt)oag the lbIcc bat(rt i(..$, 111, (1’1  1’

nip, ht \,tJlliigc dil”l’rlcll  (iill divcrg,caccs ha\~c lcac II L,Ll  ,I\ Ii III iI

44 mV duling occal(atio])  lmiod +114 (;I]>]ll~)Xil11411Cl!, {.f ~~,, ~s
inlt~ Ilw  missiw]). Ililllcly # /2  hils a lso  cxl!ibil,{l I)c ,11.  I IL,  .

s p i k e s  da(il]g cat Iict occul(alioa  pcJ iods. ‘l’l)< hl!lll,.  i Ill, .,
spikes have t-c;lchc(l  11;1s  bcca -22 n)V appl(lxilt~fllcl)  1.$ J (,I,
al’l Cl Iil LIIIC’ 11,

IIill(cry # / 3  l)iI\ cxbihilc(l ti)c higl)csl  l)ca[.  lll)\\CI  \r (iIp.

dill’1’tc]](ial  spikes an)(mg IIIC [I)rcc ba[[ctics,  ‘ 1  II( 1)1: ,1. 1, ,i~, i
VollilgC dlllctc.  a(iill  sp ikes  f’(~1 h:ll(Cly  //3 llaVC IL;I,  I(c<l ,, III,  II ,1.

+44 mV apploxilna(cly  3 y e a r s  al’lcr laaach, 1;2(IvI) t;,, 1, < 1 I II

cxbihi(cd  a n y sip, aillc;  lll( cml-ol-lligh( \Jol(il /’(, (111 ((1, 1111,11

divctgcacc  bcl]avi[)r  10 dale.

11 S1lOU1(l  hC llolC(l lllal tl)C ‘1’01’l~X h~ll((-ly (l~l(il  IS 111{ I I I  I  1)!

(his kind tm)])ilotcd aad lrca(lcd in sach (Ictail fI(III llIt,  II III I I

pbasc  01 a  nlissi(ul. ‘1’l’owcl ,  al) aulomalcd  dal:ill,l\L  pl(lp  ,111

wm  dcsip,llcd alai dcvcl(q)cd to addtcss the tIctJ  [[u (I,{ II, ,1
data llcadin~, ‘1’hC V{)llil~,C  divctgcacc  of ;Ill III((L 1;11( II ~~
obsclvc(l  (0 da le  is  knv al)d w(mld nut b;Ivc bcc II II(I1I(  {.i i’ [1 I

ha((cly  da(a bad 1101 h<’c}~  lIC]~dCd ci]lCl~)ll~,  C’l  IiIII:,  (\  it) !IIIL  (1 . .

withia the ba((cl’ics alc (akin:,  place and [his is Itllr L:[t{l  IN [It,
\Jol(dgC  dll’[CICI)(ii\l, ll{)RIC\lC(, (Ilc la(c ()[ cbm~,v ) \  t{ll!~<i  IL
IOW 011(1 110[ alatl])itlg. “1’lIIS IOW lalC  01” (lcgladllli~t)  [Ilil)  II, (Ii

[() (Ilc ‘1’1 ,(’ C(mdili<ms implclmn(cd si(wc Iaaactl

SPRU PERFORMANCE
‘1’I]L’’I’OI’I1X S[{ll)(lill(l  l’owcr I<cgala[or (lnil (S1’1{11) I.  LI,L I I I

c(mvcrl IIIC  s[)la I  aII’ay  powcI ialo hal(cty  Cl Ii IIy III} I IX1O ,1 II I

Ioa(l  b~ls ])ow’ci, l;i~alL> 7  cxllihils IIIC  ‘j’ol’l;~  S1’1<[1 {lllti, IL\

sit)cc I; ILIIIC II. ‘1’l]is cll’icictlcy  is Ciil  Cl[l[t  (cd  hy (li\)(lii[j, [,, L, ill ,,
(d’ lhC  [olill  billlCly  charg,c I) OM’CI  al)(l  10;1(1 poM’L7  11!’ Ill, > !Iil,
arlaypovwv. ‘ 1 ’ h e e l ’ l k i c a q  w a s  avcragc(l ovcI 3 l)lillll(( . ,i(will

(llCl)cak p(lwc[  IIilckil)g ]lolliol)” oltl]cwbi[, ‘I’lvos,t);,l,  !l(s )1,:

;Il”[ay  kVl)p Cl; l[(llL’S  WC I’L’  l’ho SCa (() LX)ll L>] Ok’ klllll[>i  ,1!  111( ,! Itil

ci’llcict)cy,  -5.5”{’ :IIId -30’’(’, ‘1’llc avClaF,c  SI’R(J (’IIIIIL II. ! 9(I

C41C]I s()]~iI ;I]lily (CllllJClil[lll  C’ wtls 92.4 [}, aI)(l !)~{,?{, tl.~1.,lI\ 1)
The cl’llcicv)cy  (Jlllll’ ‘1’01’l~X S1’1<(1 was dcsiF,l]~ci () IU ‘;1  ‘,{

‘]hc  l)i~llL’l-  [llill)-l)l  C(llC[(’(l  sl)]<~]  Cf’[’lCiCllC~  \illl (() Ilil 111

severa l  I)) OII(I)S  to ll)cmissi(m Iil’c.
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Figure7.  SPRUEFFICIENCY  ATp’dIo

SAT E L L.ITE: LCIAD  VARIATIONS
“1 1)< a\ Cla:,c ‘I’ol’}i  X 1(,:1(1 IJOV.C1  daritl:,  m;~ximam cclipsc  has

b{’ktl (I,ndr<l  sillcc l;lal]cll  alai is shown m ];igarc  8. ‘1’hc load
po\~cl 1).1s Iwc]) ~l<idll;)lly  dccrca$iag IIol[l a high of S70 wa[(s
slit MIly al’[et l;ial)[lt [() ,Ib{m[ 846 watts in Jaly 1995. ‘1’bc load
po\{L’1 LiCL’1(’;\W SIK)I  (IY  ;li’i(l 12iullCb  V,$?IS C21USC(} hy OIIC of tbC

Iv. () lriu)\])iillrrs llcitl~  lItJwcIcd 01(. ‘1’llis second Iraastai((cr  was
(atllcd  [Iack (111 ill jaly 19°5, l] C(WCC.11 July 1995 and  AJ)ril

i ‘)9(1,  [11[’ I(M(I  J)[lwcI (itcfcd(cd  5 wzr[(s.  A  possib]c Cxpkrflalim
(m lI,c l,ms,-lcI, I, I(McI lN)wcI dcc.lease is that tbc. Ilcatcrs might
1>( c,)l  I. Llll Ill)g  Irss l)()\4i[ (Iar 10 dcg,radalioa (] I lhc t h e r m a l
hlii!)l. c(\. ‘1’IIc tlIrII]I:(l I)l,!llkcts  aI C  absolllinp.  m(~rc  s{~lar cac[gy
lllll\ lc(l~lilillj?  less llcillt,t  au(i\,;l(ilJtl, ‘1’his ttcnd was rcporlc(i  ia
11.(’1 [’ 05 AI’-27  and al)lIcaIs [() bc coa[iauing.  Ilccaasc  (hc ralc
;1[ lvlli~ II [lx. loid\ aic (l(~c[~~a\illg  i s  sn)all, tbcrc h a s  bcca  no

\vIIl k (II IIIC 10 l)(l\i[i\,  cly i(lcl](if’y tllc c a u s e s  of t h e  l o a d  powct

(t CL’1  L-a\,.. ‘1’hc ]IIL-I{I(II)C1)  t)rc(iiuli(m  101 cacl-of’-]if  ’c  (5 y e a r s )

l)(!\vL’1 [’OIISIIII1]I(IO  II \\ ’l\ 933 W. IIcc’ausc [he Jmw’cr

col<uml)(ioa  is caIIcIllly Ilclc)wr IIlis llgatc am] falliag, m i s s i o n
Iilc slloald  I)c cklcidcd I)y  scvcial m(m(hs.
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Figure 8. AVG. DAILY LOAD POWE:R AT [;’, o

CONCLUSIONS

‘I’l Ic “1’C)l’liX/l’t)sci(i[)ll  s:l[cllilc 1]:]s complc[c(i  3,’)  }((11

SUCCCSSI’LII  ol)ciillio l],” l’lior [() lnunch scvcIdl (  lI;  III/FC  .  I I I  [1 I

opcm(iml  of IIIC l) L)\vcr suhsystcm were IWKIC, ‘1 lI(\r tl~{j :,, .
included Iowctil]g  the VII’ lCVCIS  of hill[Cl~  (llill\)l l). illl

(J1l’scl(in~ IIIC Solill  dtldy f’lc)tll (I)C normdl  posi[io] 1(1  l(JLIt(  [ti.

pciik  lx)mcI  (I ,Ickil]p  chal ~r curt ctll,

tt:lscd 011 (IIC s:ltc-tli[c cl)g, inccfing  dala [()-dill(’  11 atl[).  ,Il\  I I I  f

(I)c  ‘ 1 ’ 1  S ’  ()})  Clilli()ll:ll  Coll(llliolls” implcmcnlcd  silt(.( 141(111  II  III  I:

o n l y  Il:lvc t)ccll Surucss[lll 111 collwolllng”  tllc  tlil{(c I \ (’l\t ,,1! III .
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